Background: Tumor proliferation and apoptosis may be influenced by the mdm-2 gene product, which can block the antiproliferative effects of p53. bcl-2, one of a family of related genes that regulates the apoptotic pathway, exhibits a negative influence. Both individual and cooperative effects of these gene products may affect the biological behavior of primary bladder cancers and long-term outcome to standard therapy.
Among the identified cell cycle regulatory molecules, p53, Rb, and p21 (waf1/cip1) have been evaluated most extensively. p53, a tumor suppressor gene, is critical for normal cell growth, development, and programmed cell death. Altered p53 gene protein expression is observed in 50% of all human cancers [5] . p21 (waf1/cip1) exerts positive regulation of p53 leading ultimately to cell cycle arrest [6, 7] . The expression of the Rb, p53, and p21 (waf1/cip1) gene products has been correlated with survival in both superficial and muscle-invasive disease [8] [9] [10] [11] [12] [13] [14] . The risk of TCC progression has also been correlated with a prognostic index, i.e. altered expression of >1 protein, such as the cooperative effects of altered expression of p53 and Rb gene proteins [13, 14] . These observations indicate that survival outcomes may be related to the expression of one or more molecular markers.
A recent meta-analysis of 117 studies of superficial and muscle-invasive tumors comprising 10 026 patients evaluated the prognostic role of either p53 gene protein overexpression (96% of the studies) assessed by immunohistochemistry (IHC) or p53 gene mutation [15] . The overall risk of recurrence and progression for those patients with p53 gene protein overexpression were 1.61 [95% confidence interval (CI) 1.22-2.13] and 3.06 (95% CI 1.91-4.92), respectively. In the same meta-analysis, the overall risk of mortality was 1.43 (95% CI 1.21-1.69). This meta-analysis had some limitations including long periods of patient recruitment, patient heterogeneity, different procedures for tissue fixation, different primary antibodies (Abs), and variation in cut points for positive versus negative staining. The correlation of p53 protein status and clinical parameters might also be overestimated as a result of publication and reporting biases. Thus, the authors concluded that prospective multicenter studies with centralized immunohistochemical analysis in a more homogenous patient population are necessary to draw definite conclusions about the role of p53 protein expression to predict prognosis and direct specific bladder-cancer-management strategies [15] . However, it is not known which molecular markers, either alone or in combination, can most reliably predict tumor biology.
In instances where the p53 gene appears intact, regulation of its function by other cell cycle regulation genes may affect tumor biology. Mouse double minute-2 (mdm-2), a gene that is under the transcriptional control of p53, inhibits p53-related antiproliferative effect as part of an autoregulatory loop by binding the transcriptional activation domain of p53 or causing enhanced proteasome-dependent p53 protein degradation [16, 17] . The expression of mdm-2 gene protein can be detected by IHC in superficial and invasive TCC specimens [18] [19] [20] [21] [22] [23] . Clinical studies in solid tumors, including breast, ovarian carcinoma, and squamous cell carcinoma of the head and neck [24] [25] [26] have demonstrated correlation with mdm-2-altered protein expression and shorter survival. Conversely, no correlation with survival has been evident with cervical and renal cell carcinoma [27, 28] . Several studies seeking associations between mdm-2 and p53 gene products expression and survival in TCC have shown divergent results possibly explained by the inclusion of clinically different patient populations, tumor characteristics, clinical management, or different methodologies to characterize gene expression [18] [19] [20] [21] [22] [23] .
bcl-2, initially discovered in human B-cell lymphoma, is a proto-oncogene intrinsically involved in the apoptosis cascade [29] . bcl-2 gene protein overexpression in myeloid malignancies is a consequence of the translocation from its normal location at 18q21 to the immunoglobulin-heavy chain locus at 14q32, resulting in increased production of bcl-2 mRNAs and their encoded proteins [30] . bcl-2 belongs to a family of related genes that regulates the apoptotic pathway, with bcl-2 promoting a negative influence. bcl-2 gene protein overexpression is associated with a poor prognosis and aggressive biological behavior in prostate cancer [31] , non-small-cell lung cancer [32] , and breast cancer [33] . The role of bcl-2 protein gene expression in TCC is controversial. Retrospective studies have demonstrated a correlation between bcl-2 gene protein overexpression (on the basis of a score for the strength of staining, i.e. strong versus weak or negative) and poorer overall survival (OS) in patients with muscle-invasive disease treated with chemoradiotherapy (P = 0.03) [34] . Conversely, one of the largest retrospective series involving 119 patients with superficial or locally advanced disease has shown an unexpected association between bcl-2 protein expression and favorable prognosis in muscle-invasive TCC of the bladder (P = 0.04) [35] .
The data of combining these three critical gene proteins involved in both cell cycle regulation and apoptosis and seeking for prognostic associations is scanty and at the same time controversial. In a retrospective study including 119 patients with muscle-invasive TCC, there was an association between cooverexpression of p53/mdm-2 and poor outcome (hazard ratio 0.367; P = 0.04). Conversely, the authors found a favorable association between overexpression of the p53/bcl-2 phenotype and outcome (hazard ratio 3.487; P = 0.01) [35] . Therefore, the role of these three genes proteins either isolated or in combination in delineating prognosis in muscle-invasive TCC remains to be defined.
This study sought to define the incidence of altered patterns of either of the three genes proteins (i.e. mdm-2, p53, and bcl-2) that may be critical to define the biologic behavior and chemotherapy response/resistance in muscle-invasive TCC of the bladder treated with neo-adjuvant chemotherapy followed by locoregional treatment and to examine possible associations between altered expression of mdm-2, p53, and bcl-2, and any associations with clinical outcome. We also sought to evaluate whether proteins involved in cell cycle regulation as well as those involved in regulation of programmed cell death could complement each other in predicting survival.
material and methods

patients and treatment characteristics
Tumor specimens were retrospectively obtained from a previously reported study of neo-adjuvant chemotherapy with M-VAC (methotrexate, vinblastine, doxorubicin and cisplatin) followed by definitive locoregional treatment carried out at Memorial Sloan-Kettering Cancer Center (MSKCC) in 111 patients with muscle-invasive, node-negative TCC of the bladder [8] . Fifty-nine of 111 patients were included in this study on the basis of tumor availability. Their initial staging and evaluation included cystoscopy with bimanual exam under anesthesia and transurethral resection of the bladder tumor (TURBT), computed tomography (CT) scan of the abdomen and pelvis, or an abdominal and pelvic ultrasound, and chest X-ray (CXR). All patients had histologically confirmed muscle-invasive TCC of the bladder. Eligibility criteria included no clinical or radiographic evidence of lymph node and distant metastases (N0 M0). Normal hematologic, renal, hepatic, and cardiac functions were also required. All patients had been treated with the M-VAC regimen as previously described [8, 36] for a total of four cycles of therapy.
Staging was defined according to the TNM (tumor-node-metastasis) Staging Classification [37] . Response was assessed using both clinical and pathological staging. Downstaging after chemotherapy required a complete or partial response. In brief, complete response required resolution of disease. Partial response was defined as previously published, with a required reduction of at least two grades of the T stage (T4 / T0-2, or T3 / T0-1, or T2 / Ta) [31] . Definitive surgery followed neo-adjuvant chemotherapy; radical cystectomy with bilateral pelvic lymph node dissection was routinely recommended. However, since not all patients agreed to radical cystectomy, alternative primary tumor surgical management in patients requesting bladder preservation included partial cystectomy or a secondary TURBT to resect any residual disease. Downstaging analysis after chemotherapy was carried out primarily in patients who underwent a radical or a partial cystectomy and in those who had full-bladder wall evaluation on TURBT, as less intensive clinical evaluations frequently underestimate the true pathological stage after the administration of neo-adjuvant chemotherapy.
All patients were followed every 3 months for the first 2 years. Each visit involved a physical examination, laboratory tests, CT scan of the abdomen and pelvis, and CXR. These studies were extended to 6-month intervals for the following 2 years, and then yearly. For those patients treated with bladder-preservation surgery, follow-up cystoscopies were carried out every 3 months for the first 2 years and less frequently thereafter.
immunohistochemical studies IHC analysis for p53 protein expression was carried out using standard avidin-biotin technique with mouse monoclonal antibody (mAb) Pab1801 (Ab2, IgG1; Oncogene Science Uniondale, NY). mdm-2 protein expression was assessed by anti-mdm-2 mAb 2A10 (provided by Dr Arnold Levine) using 3T3-BALB/c and 3T3-DM cells [19] . Clone 124, a mouse mAb against human bcl-2, was used to assess for bcl-2 expression (DAKO Corp., Carpenteria, CA). Briefly, 5-lm thick sections were deparaffinized and incubated in 10% normal horse serum for 15 min at room temperature, followed by 2-h incubation with appropriately diluted primary Abs, i.e. 2A10 was used at 1 : 1000 dilution; PAb1801 was used at 200 ng/ml at 4°C; and Clone 124 was used at 2.5 l/ml. Sections were immersed in boiling 0.01% citric acid (pH 6.0) for 15 min to enhance antigen retrieval, allowed to cool, and incubated with primary Abs overnight at 40°C. After the sections were washed extensively, they were subsequently incubated for 30 min with biotinylated horse anti-mouse IgG Abs (Vector Laboratories, Burlingame, CA) at the different dilutions according to each specific marker, i.e. 1 : 200 for mdm-2, 1 : 100 for p53, and 1 : 500 for bcl-2; then incubated for 30 min with avidin-biotin peroxidase complexes (1 : 25 dilution; Vector Laboratories). Diaminobenzidine 0.06% was used as the chromogen and 1% modified Harris hematoxylin as the counterstain. Immunoreactivities were classified in two categories: negative (no tumor cells displaying cytoplasmic, granular staining-bcl-2 or no tumor-cell-nuclei staining for p53/mdm-2) and positive (percent tumor cells displaying cytoplasmic, granular staining or tumor-cell-nuclei staining for p53/mdm-2). Approximately 100 cells per slide were evaluated for each of these markers, and the actual number of cells stained with the Ab was reported in deciles. Both histological confirmation of TCC and IHC analysis were carried out by the pathologists at MSKCC.
statistical analysis
All pathologic and IHC studies were completed, analyzed, and recorded blind to clinical information. It is important to emphasize that to circumvent any potential bias secondary to the degree of response to neoadjuvant chemotherapy, patients' samples were obtained before exposure to chemotherapy during TURBT. It is also important to mention that the IHC studies involving the three molecular markers were carried out after the systemic and locoregional treatment was fully completed. The expression of mdm-2 and bcl-2 protein was analyzed as a continuous variable, and as no difference in survival was observed between the 10% and 20% cut points, the highest value was chosen for tumor cells defined with a high expression for either one of these two markers. A similar cut point, previously described [8, 38] , was used to define p53 protein overexpression. Thus, the results were categorized according to the percentage of tumor cell staining for mdm-2, p53, and bcl-2 as follows: no or minimal expression (<20%) or altered expression ( ‡20%). The following prognostic variables were examined to determine whether they were significantly associated with OS time: clinical stage (T2 versus >T2), multifocality (yes versus no), papillary disease (yes versus no), ureteral obstruction (yes versus no), palpable mass (yes versus no), de novo presentation (yes versus no), downstaging after chemotherapy (yes versus no), bladder preservation (yes versus no), p53 (<20% versus ‡20%), mdm-2 (<20% versus ‡20%), and bcl-2 (<20% versus ‡20%). The Fisher's exact test was used to determine whether there was any association between the three molecular markers and clinical variables, including pathologic downstaging after neo-adjuvant chemotherapy. The survival interval was defined as the interval between the date of the first TURBT at MSKCC and the date of death or censoring. The causes of death during the first 6 years of follow-up were identified as either cancer-or noncancer related [36] , but deaths occurring beyond 6 years of follow-up could not be similarly coded in a reliable fashion. Therefore, we considered the 6-year landmark to specify those patients who died from cancer-related causes rather than unrelated etiologies. The Kaplan-Meier method was used to estimate the survival distributions. Since the follow-up was >10 years and we were specifically interested in events in the first 6 years, we used the Wilcoxon test to detect any significant difference in median survival time according to the molecular and clinical prognostic variables in a univariate analysis.
results
A total of 59 patients were evaluated-49 males and 10 females ( Table 1 ). The median follow-up time was 12.7 years. The median survival was 4.2 years. Approximately 90% of the patients presented with a Karnofsky performance status ‡80%. The median age was 59 years (range 32-78). As expected for patients with muscle-invasive disease, 53 out of 59 patients (90%) presented with high-grade tumors. A total of 16 patients (27%) presented with multifocal tumors, and in 43 cases, the bladder tumor was unifocal. A palpable mass or ureteral obstruction was disclosed in 31% and 22% of the cases, respectively. The bladder was preserved in 34 patients (58%).
Pathological response to chemotherapy was available in the 45 patients, 16 of whom had a complete or a partial response. Fourteen patients, most of whom underwent TURBT (eight patients), were not assessable for pathologic response analysis because of insufficient tumor samples or biopsies that did not entirely represent the full bladder wall thickness. Five other patients in whom pathologic response was not available in our database underwent a radical (two patients) or a partial (four patients) cystectomy. Lack of ureteral obstruction (P = 0.01) and pathologic downstaging after M-VAC chemotherapy (P = 0.003) appeared as the only clinical variables associated with prolonged survival in the univariate analysis ( Table 2) . Altered expression of mdm-2 protein, defined as ‡20% cells staining positive, was seen in 22 patients (37%) ( Table 3) . Thirty-five cases (59%) had minimal or no expression, defined as <20% cells staining for mdm-2. Two patients (4%) were not assessable for mdm-2 due to an insufficient specimen available for immunohistochemical staining. No association was found between mdm-2 and tumor stage (P = 0.50), pathologic downstaging after M-VAC chemotherapy (P = 0.55), or p53 status (P = 0.21). The median survival time for patients presenting with tumors with altered mdm-2 protein expression was 2.7 years compared with 4.1 years for patients with tumors that had minimal or no mdm-2 protein expression (P = 0.42) (Table 4) ( Figure 1A) .
The rationale for the cut point used ( ‡20%) for defining positive or negative p53 staining was previously described by our group and was reproducible across studies [8, 9] . Altered expression of p53 was observed in 54% of the patients. Twentysix patients presented with no or minimal p53 protein expression (44%) ( Table 3 ). The univariate analysis revealed that p53-altered protein expression was associated with poorer survival compared with those who had no or minimal protein expression (P = 0.006) (Table 4) ( Figure 1B) . However, no correlation with initial tumor stage (P = 0.34) or pathologic downstaging after M-VAC chemotherapy (P = 0.21) was observed.
Altered expression of bcl-2, defined as ‡20% cells staining positive, was seen in 27 patients (46%). Thirty-two tumors (54%) had a minimal or negative expression, defined as <20% cells staining for bcl-2 (Table 3) . No correlation was found between bcl-2 and tumor stage, downstaging after chemotherapy, or p53 status. The median survival time for patients presenting with altered bcl-2 expression was 3 years compared with 5.2 years for those with minimal or no bcl-2 expression (P = 0.14). This difference was not statistically significant, although the survival curve showed that those with bcl-2 altered expression had a consistently shorter survival (Table 4 ) ( Figure 1C) .
We analyzed possible associations between molecular phenotypes and chemotherapy response/resistance. Three groups of patients were identified on the basis of distinct patterns of p53 and mdm-2 expression: both p53 and mdm-2 with altered protein expression; both p53 and mdm-2 with no or minimal altered protein expression; p53 or mdm-2 altered protein expression. There was no correlation between original article Annals of Oncology mdm-2/p53 phenotypes and chemotherapy-induced pathologic downstaging (P = 0.77). Similarly, three distinct molecular phenotypes existed for p53 and bcl-2 staining (double positive, double negative, and mixed) and no correlations were found between these phenotypes and pathologic downstaging after neo-adjuvant chemotherapy (P = 0.21). We also sought to analyze for possible associations between the cooperative effects of cell cycle and apoptotic regulatory gene proteins using phenotypes on the basis of mdm-2, p53, and bcl-2 expression and response to neo-adjuvant chemotherapy. Three groups of patients were identified on the basis of distinct patterns of p53, mdm-2, and bcl-2 expression: all three markers with altered protein expression; three markers with no or minimal altered protein expression; and either one or two aberrantly expressed markers. There was no correlation between mdm-2/p53/bcl-2 phenotypes with pathologic downstaging after neo-adjuvant chemotherapy (P = 0.79). An attempt was made to evaluate the expression of these gene products involved in cell cycles as part of a 'prognostic index', i.e. the prognostic ability of a phenotype using p53 and mdm-2 expression (Table 3) . Three groups of patients with different 5-year survival rates were identified. Patients in whom both p53 and mdm-2 were altered had a 5-year survival of only 36%. Conversely, prolonged 5-year survival of 53% was observed for patients who presented with no or minimal mdm-2 and p53 protein expression. Patients who had altered expression of either marker presented with an intermediate 5-year survival of 48%. The difference in survival of the three groups was statistically significant (Table 4) (P = 0.046) (Figure 2) .
Similarly, we evaluated the prognostic ability as a result of the expression of gene products involved in apoptosis pathway using a phenotype containing both p53 and bcl-2 staining (Table 3) . Patients in whom both p53 and bcl-2 were altered had a 5-year survival of 33%. Conversely, when neither marker had altered expression, the 5-year survival was 65%. Patients who Proportion Surviving had altered expression of either marker presented with a 5-year survival of 48%. The difference among groups 1, 2, and 3 was statistically significant (Table 4 ) (Figure 3 ). Also assessed were the cooperative effects of cell cycle and apoptotic regulatory gene proteins using phenotypes on the basis of mdm-2, p53, and bcl-2 expression (Table 3) . The survival in patients in whom all three markers were normally expressed was more favorable (5-year survival of 54% and a median survival of 9.9 years) in contrast to those patients in whom all three markers were aberrantly expressed (5-year survival of 25% and a median survival of 1.1 years). An intermediate outcome (5-year survival of 49% and a median survival of 4.7 years) was observed for patients with either one or two aberrantly expressed markers. The difference in survival distributions of the three groups was statistically significant (P = 0.01) (Table 4) (Figure 4) .
discussion
This study demonstrates that mdm-2 protein altered expression, defined as ‡20% cells immunohistochemical staining of the primary tumor, is present in a minority of patients (37%) with muscle-invasive, node-negative TCC of the bladder. The frequency reported is similar to that of previously published studies, in which the frequency of altered mdm-2 gene product expression in invasive TCC ranges from 9% to 61% [19, 22, 39] . For example, Schmitz-Drager et al. [23] , using a different mAb (IF-2) in a retrospective study of 92 patients, demonstrated mdm-2 protein overexpression in 18%, 49%, and 22% of carcinoma in situ, T1, and advanced tumors, respectively. Our results are also in accordance with those reported by Lianes et al. [19] , who used a similar technique and cut point to define altered mdm-2 protein expression. Differences in expression might be a consequence of the heterogeneity in patient populations and management, different staining techniques, Abs, and cut points used to assess normal versus aberrant expression, thus making any comparison difficult.
bcl-2 protein expression was a frequent finding in high-grade, muscle-invasive TCC evidenced by IHC expression in 46% of primary tumors. This high degree of bcl-2 protein detection was not surprising, as 80% of our study population was high grade and/or had disease extending deeply into the bladder wall or outside the bladder. Other studies have reported an association between greater bcl-2 protein expression, with both higher tumor grade [40, 41] and/or higher-stage disease [41, 42] . Pollack et al. [43] examined a similar cohort of patients with muscle-invasive TCC treated with radiation therapy, and found an almost identical 47% staining with the same Ab used in this study.
In the present study, altered mdm-2 protein expression was not a predictive marker for extent of disease or pathologic downstaging after M-VAC chemotherapy. The lack of association between mdm-2 protein expression and clinical markers that delineate extent of disease is also supported by other studies [21] [22] [23] . Previous reports have shown increased frequency of mdm-2 altered protein expression in low-grade and early-stage tumors compared to high-grade and advanced lesions [18, 19, 22] , indicating that mdm-2 altered protein expression may be commonly involved in early-TCC original article Annals of Oncology tumorigenesis. Since all patients in this study had high-grade, muscle-invasive disease, it is not surprising that no association was observed with stage. Other studies that include high-grade and invasive lesions also failed to show association of mdm-2 protein expression with tumor stage and histology [21, 23] .
No association between altered mdm-2 and p53 gene product expression was observed in our patient population. Other studies that included patients with high-grade and invasive lesions also failed to demonstrate an association between both markers [21, 22] . Pfister et al. [44] evaluated both molecular markers in 269 patients with superficial TCC of the bladder, and a positive association between mdm-2 and p53 was found only in low-grade and very early stage lesions. Perhaps the complex interactions of multiple markers precludes association of just two gene products, or simply this study was not robust enough to detect a significant correlation.
Our findings indicate that mdm-2 protein expression may not be an independent marker for delineating DNA aberrations and tumor biology in advanced and high-grade TCC. However, the cooperative effects of mdm-2/p53 phenotypes appeared to be potentially useful in predicting survival time. The outcome was poorer when both markers were aberrantly expressed, in contrast to those with intact expression of either one or both genes (36% versus 48% versus 53%, respectively). The prognostic value of altered expression of both mdm-2 and p53 expression has been confirmed by other studies in both superficial and muscleinvasive TCC [20, 22, 35] . Lianes et al. have postulated a hypothesis to explain the impact of four distinct phenothypes on the basis of p53 and mdm-2 protein expression. A doublenegative phenotype, i.e. p53 and mdm-2 with normal or minimal protein expression, may be associated with virus infections such as those caused by human papillomavirus, particularly viral subtypes 16 and 18, or it may also be found in cases with minimal chromosomal changes or genetic instability. Conversely, a double-positive phenotype may be associated with p53 gene mutations, particularly at exon 8, that are capable of maintaining certain functions such as transactivation of the mdm-2 gene leading to mdm-2 protein overexpression and potential inhibition of coexistent wild-type p53 gene. Phenotypes consisting of mdm-2 protein overexpression in conjunction with p53 normal protein expression may be associated with relevant chromosomal changes and microsatellite alterations that would lead to an increase in wildtype p53 protein producing mdm-2 protein overexpression. Wild-type p53 proteins have a very short half-life, thus these products may not be detectable using IHC-based assays; on the other hand, mdm-2 proteins appear to be chemically more stable and thus identifiable. The phenotype consisting of normal mdm-2 protein expression in conjunction with p53 protein overexpression is thought to be associated with specific mutations affecting the p53 gene, such as those occurring at exons 5 and 7, leading to nonactive p53 products not capable of producing transactivation of the mdm-2 gene [19] .
bcl-2 protein expression, as an independent marker, was not significantly associated with outcome at the P = 0.05 level. Of substantial interest, however, was the observation that the bcl-2 and p53 status of the primary tumor is potentially complementary in predicting survival. Three cohorts with varying 5-year survival could be distinguished by their bcl-2 and p53 protein expression. Patients with wild-type p53 and minimal or no bcl-2 expression had the most favorable prognosis with a 5-year survival of 65%. In contrast, patients who had both altered p53 and high expression of bcl-2 had markedly inferior 5-year survival of 33%, and those with either altered p53 or high expression of bcl-2 had an intermediate prognosis (5-year survival of 48%). It is of interest that these findings are similar to those previously reported by Bilim et al. [42] in which a similar survival correlation with p53 and bcl-2 status was observed in TCC patients treated with surgery alone. Similar to our findings, different phenotypes on the basis of p53 and bcl-2 protein expression may have implications in tumor behavior. Miyashita et al. [45] demonstrated that p53 induces a decrease in the expression of the apoptosis-suppressing gene bcl-2 in the murine leukemia cell M1, while simultaneously stimulating increases in the expression of bax, a gene that encodes a dominant-inhibitor of the bcl-2 protein. Wang et al. [46] showed that bcl-2 overexpression is probably one of the most important mechanisms by which tumor cells escape p53-mediated apoptosis. A double-positive phenotype, i.e. altered mdm-2 and p53 protein expression, would be expected to have a poor prognosis (as observed in our findings) due to p53 mutations, resulting in an absence of an important inductor of apoptosis in conjunction with bcl-2 overexpression facilitating escape of p53-mediated apoptosis. This concept is supported by the association of p53 and bcl-2 protein overexpression with high-grade lesions [40, 41, 47] and more advanced disease [41, 42, 47, 48] . Conversely, the double-negative phenotype would translate into improved disease-free survival rates, as was also observed in our study.
Most importantly, the complementary effects of cell cycle and apoptotic regulatory gene proteins, including mdm-2, p53, and bcl-2, seemed to be a more powerful prognostic in delineating survival than the phenotypes on the basis of two-gene products or isolated gene proteins. Patients with all markers intact had a favorable outcome, with a 5-year survival of 54% and a median survival of 9.9 years. Conversely, the outcome of patients with all markers aberrantly expressed was poor, with a 5-year survival of 25% and a median survival of 1.1 years. Patients with either one or two markers aberrantly expressed had an intermediate survival outcome.
We could not demonstrate an association between p53 protein expression and chemotherapy sensitivity despite the fact that p53 altered protein expression was associated with poorer survival. p53 correlation with response to treatment is controversial, and studies report conflicting correlations despite a recent meta-analysis indicating that p53 protein status may play a critical role in TCC biology and outcome [15] . For patients receiving bacille Calmette-Guerin therapy, studies report both a higher rate of treatment failure and poorer prognosis for those patients with p53 protein overexpression [49] [50] [51] . For patients receiving chemotherapy, Garcial de Muro et al. [52] demonstrated that altered p53 protein expression as well as aberrant p53 and p21 protein expression were independent predictors of decreased survival after neo-adjuvant chemotherapy and bladder preservation. Sarkis et al. [8] reported similar results in patients treated with neo-adjuvant M-VAC followed by surgery. Conversely, in vitro studies have reported that alterations in p53 may lead to increased sensitivity to DNA-damaging agents. Supporting this concept in the clinic, Cote et al. [53] found no benefit of adjuvant chemotherapy in wild-type p53 expression tumors in contrast with those that had altered p53 protein expression. These findings are the basis for a national randomized trial in which patients with organconfined tumors and altered p53 immunoreactivity are randomized to observation or to three cycles of chemotherapy in order to assess for differences in survival. mdm-2 expression did not predict chemotherapy sensitivity in our study. Reported data indicate, similar to our findings, that mdm-2 is not a useful marker for predicting chemotherapy response either to neo-adjuvant chemotherapy in locally advanced disease or to palliative chemotherapy in patients with distant metastases or unresectable disease [54] . Conversely, the combination of mdm-2 protein expression with other markers involved in cell regulation and apoptosis such as p21 (waf1/cip1) may predict chemotherapy resistance in breast cancer [55] .
The data regarding the role of bcl-2 protein expression as a marker of chemotherapy resistance are limited despite that a preclinical model in which Miyake et al. [56] showed that in vitro and in vivo KoTCC-1 cells transfected with mutanttype bcl-2 and/or p53 exhibited higher resistance to cisplatin treatment. Cells transfected with both mutant-type p53 and bcl-2 had significantly higher resistance than cells transfected with either mutant-type p53 or bcl-2 alone. Clinically, studies by Rodel et al. [57] and Matsumoto et al. [58] were unable to demonstrate an association between the status of bcl-2 protein expression with either complete response or local control after cisplatin radiation for bladder preservation. In the latter study, a bax/bcl-2 ratio had a significant association with the complete response rate (P = 0.0289), indicating that expression of functionally opposite proteins may be a potential surrogate marker for chemotherapy (and radiation) sensitivity [58] . Lastly, Weiss et al. [59] studied patients treated with TURBT followed by chemotherapy for bladder preservation and failed to show an association between the apoptotic index and complete response, local control, and cause-specific survival.
Our study indicates that one marker alone, or multiple phenotypes on the basis of p53/mdm-2, p53/bcl-2, and p53/ mdm-2/bcl-2, may not be a sufficiently powerful marker for chemotherapy response/resistance in a small cohort of patients despite the fact that these phenotypes may have a profound effect on intrinsic tumor biology and outcome. Given the large number of candidate markers, a study assessing independent significance will require a greater number of patients than was possible in this study. Future directions may not be restricted to just a few markers nor just protein expression. Gene transcript 'signatures' assessed by hierarchical clustering have now been used to predict biological behavior [60] . A study from our center has reported an accuracy rate of 90% to delineate OS for patients with invasive bladder cancer using this methodology. Patients with positive lymph nodes and poor survival were aligned with a particular genetic profile consisting of 174 probes. These results were confirmed by IHC analysis on tissue arrays. Interestingly, the signaling network analyses pointed out the relevance of p53 gene pathway in bladder cancer progression, lymph node metastases, and poor survival as one of the top targets identified in patients with invasive tumors was the p53 activated protein 1.
There are several limitations to this study that should be pointed out. These include: (i) the small sample size; (ii) tissue sample availability of only 59 out of 111 patients for evaluation of the three molecular markers; (iii) the lack of uniform surgical management after systemic chemotherapy; and (iv) the arbitrary choice of the 20% cut point for segregating altered versus nonaltered mdm-2 and bcl-2 expression. The small study size (59 patients for whom tumor samples were available) precluded a multivariate analysis of the prognostic value related to these three molecular markers on survival time. Similarly, we felt it was inappropriate to carry out a multivariate analysis of conventional pathological and clinical parameters and their association with OS. Importantly, one could argue that there was a potential bias related to the conservative surgical management and the availability of only 59 out of 111 patients' tumor samples and therefore that our results might be different if all 111 patients were analyzed. However, this assumption is unlikely as our survival data as well as the correlation between p53 and OS were superimposable among our subset of patients and the prior publications including all 111 patients and those managed with partial rather than complete cystectomy after neo-adjuvant chemotherapy [8, 36, 61] . Cut points for immunohistochemical correlations are controversial in p53 clinical correlation studies. However, this definition of altered staining characteristics of tumors has been previously correlated with TP53 mutations by our group, and therefore provided the basis for our choice of the 20% cut point [38] . Not surprisingly, no consensus exists for the 20% cut point used to define mdm-2 and bcl-2 altered expression, although several studies that used a similar cut point to define altered expression have shown correlations between mdm-2 expression and prognosis [19] .
In summary, our results should be interpreted-not as definitive-but as hypothesis generating. Future studies of these markers, including a larger sample size, will be needed to clarify the optimal cut points to discriminate survival. They should be designed prospectively to ensure optimal characterization such as the Cancer and Leukemia Group B study (CALGB 90104) that was designed to prospectively validate the three markers from this study. Only through hypothesis testing of putative markers can the oncology investigative community provide the necessary foundation for the use of such markers in clarifying prognosis and developing clinical strategies to specifically target the gene abnormalities responsible for tumor biology, such as antisense oligonucleotides against mdm-2 [62, 63] or anti-bcl-2 antisense [64] [65] [66] .
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